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package and a base material layer to cover the bump, Wherein 
the second package is supported on the base material layer 
that is coupled to the bump. 
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SEMICONDUCTOR DEVICE WITH 
PACKAGE TO PACKAGE CONNECTION 

BACKGROUND 

[0001] Some systems may comprise one or more semicon 
ductor package. For example, a top semiconductor package 
may be stacked on a bottom semiconductor package. Solder 
balls may be used to electrically and mechanically couple the 
top semiconductor package to the bottom semiconductor 
package. To create space for the solderballs, bonding pads for 
the solder balls and/or solder resist opening, a siZe of the 
systems is increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] The invention described herein is illustrated by Way 
of example and not by Way of limitation in the accompanying 
?gures. For simplicity and clarity of illustration, elements 
illustrated in the ?gures are not necessarily draWn to scale. 
For example, the dimensions of some elements may be exag 
gerated relative to other elements for clarity. Further, Where 
considered appropriate, reference labels have been repeated 
among the ?gures to indicate corresponding or analogous 
elements. 
[0003] FIG. 1 is a schematic diagram of an embodiment of 
a system that may comprise an upper semiconductor package 
and a loWer semiconductor package. 
[0004] FIG. 2A-2G are schematic diagrams of an embodi 
ment of a method that may be used to provide the system of 
FIG. 1. 
[0005] FIG. 3 is a schematic diagram of an embodiment of 
the present invention. 

DETAILED DESCRIPTION 

[0006] In the following detailed description, references are 
made to the accompanying draWings that shoW, by Way of 
illustration, speci?c embodiments in Which the invention may 
be practiced. These embodiments are described in su?icient 
detail to enable those skilled in the art to practice the inven 
tion. It is to be understoodthat the various embodiments of the 
invention, although different, are not necessarily mutually 
exclusive. For example, a particular feature, structure, or 
characteristic described herein, in connection With one 
embodiment, may be implemented Within other embodi 
ments Without departing from the spirit and scope of the 
invention. In addition, it is to be understood that the location 
or arrangement of individual elements Within each disclosed 
embodiment may be modi?ed Without departing from the 
spirit and scope of the invention. The folloWing detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is de?ned only by the 
appended claims, appropriately interpreted, along With the 
full range of equivalents to Which the claims are entitled. In 
the draWings, like numbers refer to the same or similar func 
tionality throughout the several vieWs. 
[0007] References in the speci?cation to “one embodi 
ment”, “an embodiment”, “an example embodiment”, etc., 
indicate that the embodiment described may include a par 
ticular feature, structure, or characteristic, but every embodi 
ment may not necessarily include the particular feature, struc 
ture, or characteristic. Moreover, such phrases are not 
necessarily referring to the same embodiment. Further, When 
a particular feature, structure, or characteristic is described in 
connection With an embodiment, it is submitted that it is 
Within the knoWledge of one skilled in the art to effect such 
feature, structure, or characteristic in connection With other 
embodiments Whether or not explicitly described. 
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[0008] The folloWing description may include terms, such 
as upper, loWer, top, bottom, ?rst, second, etc. that are used 
for descriptive purposes only and are not to be construed as 
limiting. 
[0009] FIG. 1 illustrates an embodiment of a system 100 
that may be provided in a semiconductor package. The sys 
tem 100 may comprise a bottom package 12 and a top pack 
age 10 that may be provided on the bottom package 12. In one 
embodiment, the top package 10 may comprise a ?rst sub 
strate 14, an upper die 16a and a loWer die 16b. In one 
embodiment, the upper die 16a and the loWer die 16b may be 
attached to the substrate 14. In another embodiment, the 
upper die 1611 may comprise an upper trace 18a. The loWer die 
16b may comprise a loWer trace 18b. An upper die 1611 may be 
coupled to a loWer die 16b by an upper conductive path 22 that 
may comprise an upper trace 18a, an upper plated through 
holes (PTH) 20 and a loWer trace 18b. 
[0010] The bottom package 12 may comprise a second 
substrate 24 that may comprise a ?rst buildup layer 2411, a 
second buildup layer 24b and a third buildup layer 240; hoW 
ever, in some embodiments, the second substrate 24 may have 
a different structure With more or feWer layers, or some 
embodiments may utiliZe a single layer substrate. In one 
embodiment, the bottom package 12 may comprise a coreless 
package; hoWever, in some embodiment, the bottom package 
12 may comprise at least one substrate layer. In one embodi 
ment, a die 32 may be bonded to the second substrate 24 by a 
set of one or more die bonding bumps 3411. A die bonding 
bump 34a may be coupled to a loWer conductive path 30 by an 
upper bonding pad 36 that may be provided on the second 
substrate 24. 
[0011] One example of the ?rst substrate 14 and/or the 
second substrate 24b may comprise a printed circuit board 
(PCB) or a printed Wiring board (PWB); hoWever, any other 
suitable substrate may be utiliZed, including ?ex substrates 
such as folded ?ex substrates or ?exible polyimide tape, 
laminate substrates, buildup substrates, ceramic substrates, 
?ame retardant (FR-4) substrate, or tape automated bonding 
(TAB) tape material. In another embodiment, the ?rst buildup 
layer 2411, the second buildup layer 24b and/or the third 
buildup layer 240 may comprise, for example, a dielectric 
layer, an intermediate layer, or an insulating layer. 

[0012] Referring to FIG. 1, in one embodiment, a loWer 
conductive path 30 may comprise one or more vias 26 and one 
or more traces 28 that may be provided in the second substrate 
24; hoWever, in some embodiments, the loWer conductive 
path 30 may be provided by any other interconnects, e. g., 
including PTHs, patterned metal layers, routings, or Wirings, 
bond pads. In one embodiment, a via 26 may be ?lled With 
conductive material. The loWer conductive path 30 may fur 
ther comprise one or more loWer bonding pad 46 that may be 
provided on a loWer side of the second substrate 24 to bond to 
one or more external interconnects (not shoWn). For example, 
one or more solder balls (not shoWn) may be utiliZed for 
external interconnects. A surface layer 38 may be provided on 
the loWer bonding pad 46. An example of the surface ?nish 38 
may comprise Ni, Pd, Au or any other surface ?nish materials. 
[0013] Referring to FIG. 1, in one embodiment, a set of one 
or more packaged-to-package interconnects 40 may be 
formed on the bottom package 12. A package-to-package 
interconnect 40 may support the top package 10 on the bottom 
package 12. In one embodiment, the interconnect 44 may 
bond the top package 10 to the bottom package 12 Without a 
bonding pad. In one embodiment, a package-to-package 
interconnect 40 may be positioned to couple an upper con 
ductive path 22 to a loWer conductive path 30. In another 
embodiment, a package-to-package interconnect 40 may 
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couple an upper conductive path 22 to a lower conductive path 
30 by a solder layer 42. In another embodiment, a package 
to-package interconnect 44 may be used to electrically and 
mechanically couple the top package 10 to the bottom pack 
age 12. In another embodiment, the set of package-to-pack 
age interconnects 44 may be positioned to surround the die 32 
and/or the set of die bonding bumps 3411. For example, a 
package-to-package interconnect 44 may be formed on the 
second substrate 24 Where a die 32 is absent. 

[0014] In one embodiment, a package-to-package intercon 
nect 44 may comprise a second bump 34b that may be 
coupled to a loWer conductive path 30, and a base material 
layer 40 that may be provided to cover the second bump 34b. 
In one embodiment, the base material layer 40 may comprise 
a top surface to support the top package 10. In another 
embodiment, the base material layer 40 may be coupled to the 
second substrate 24 by the second bump 34b. A surface ?nish 
38 may be provided on the package-to-package interconnect 
44, e.g., on the base material layer 40. In one embodiment, the 
base material layer 40 may comprise Cu. For example, the 
base material layer 40 may be formed by a portion of a Cu 
base layer Where a second bump 34b is formed. In yet another 
embodiment, a package-to-package interconnect 44 may 
have a pillar shape to support the top package 10 on the 
bottom package 12. In yet another embodiment, the set of 
package-to-package interconnect 44 may each have approxi 
mately the same thickness. In one embodiment, a ball grid 
array or solder ball may be used for an external interconnect 
for the package 100. 
[0015] Referring to FIGS. 2A to 2G, an embodiment of a 
method that may be used to fabricate the system 100 of FIG. 
1 Will be described. Referring to FIG. 2A, a base material 
layer 40 may be prepared. In one embodiment, the base mate 
rial layer 40 may comprise a Cu base layer. Referring to FIG. 
2B, the base material layer 40 may be selectively etched to 
form a ?rst set of one or more bump openings 46a and a 
second set of one or more bump openings 46b, e.g., at a loWer 
side of the base material layer 40. In one embodiment, the ?rst 
set of bump openings 4611 may be used to form die bonding 
bumps 34a. The second set of bump openings 46b may be 
used to form second bumps 34b. 

[0016] In one embodiment, the second set of bump open 
ings 46b may be positioned to surround the ?rst set of bump 
openings 4611. In another embodiment, the ?rst set of bump 
openings 46a may be formed in a center portion 40a of the 
base material layer 40. The second set of bump openings 46b 
may be formed in a side portion 40b of the base material layer 
40. In another embodiment, the second set of bump openings 
46b may be positioned to match a location of an upper con 
ductive path 22 and/ or a corresponding loWer conductive path 
30. The ?rst set of bump openings 46a may be positioned to 
match a location of the die 32. 

[0017] Referring to FIG. 2C, in one embodiment, a bump 
opening 46a may be plated or ?lled With conductive material 
to form a die bonding bump 34a. A bump opening 46b may be 
plated or ?lled With conductive material to form a second 
bump 34b. In another embodiment, an upper bonding pad 36 
may be formed on a die bonding bump 3411 and/or a second 
bump 34b. For example, plating or sputtering may be used to 
provide an upper bonding pad 36. Referring to FIG. 2D, a ?rst 
buildup layer 2411 may be attached to the loWer side of the 
base material layer 40. 
[0018] Referring to FIG. 2E, in one embodiment, a second 
buildup layer 24b and a third buildup layer 240 may be formed 
under the ?rst buildup layer 2411 to provide a second substrate 
24. One or more vias 26 may be formed in the second sub 
strate 24, e. g., by laser (not shoWn). In one embodiment, a via 
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26 may be positioned to correspond to a die bonding bump 
3411 or a second bump 34b. In another embodiment, a via 26 
may be positioned to correspond to a location of an upper 
bonding pad 36. In another embodiment, one or more traces 
28 may be disposed in the second substrate 24. A via 26 and 
a trace 28 may be electrically coupled to provide a conductive 
path 30 that may couple to a die bonding bump 34a or a 
second bump 34b. 
[0019] Referring to FIG. 2E, a bonding pad 46 may be 
provided on a loWer side of the third buildup layer 240 to 
couple to an external interconnect (not shoWn). In one 
embodiment, a conductive path 30 may couple a die bonding 
bump 3411 or a second bump 34b to a loWer bonding pad 46. 
With reference to FIG. 2E, in one embodiment, an upper resist 
50 may be provided on the base material layer 40. The upper 
resist 50 may be patterned to expose a side portion 40b of the 
base material layer 40 that may correspond to a second bump 
34b. In one embodiment, the upper resist 50 may comprise a 
photoimageable solder resist (PSR). In another embodiment, 
the upper resist 50 may be patterned to cover the center 
portion 40a that may correspond to a die bonding bump 3411. 
A loWer resist 48 may be provided on a loWer side of the 
second buildup layer 240. In one embodiment, the loWer resist 
48 may be patterned to expose a loWer bonding pad 46. A 
surface ?nish 38 may be provided on the exposed side portion 
40b and/ or the exposed loWer bonding pad 46. 
[0020] Referring to FIG. 2F, the upper resist 50 may be 
removed to expose a center portion 40a of the base material 
layer 40 that may correspond to a die bonding bump 3411. 
Referring to FIG. 2G, in one embodiment, the base material 
layer 40 may be selectively etched to remove the center por 
tion 40a to expose the die bonding bumps 3411. In one embodi 
ment, a surface ?nish 38 that covers a side portion 40b may be 
used to mask the side portion 40b. In another embodiment, the 
side portion 40b may be retained to provide a package-to 
package interconnect 44 that may comprise a second bump 
34b. 

[0021] Referring to FIG. 2G, the package-to-package inter 
connects 44 may have an almost equal thickness. In another 
embodiment, the package-to-package interconnects 44 may 
have a ?at top surface to support a top package 10 to be 
bonded to the bottom package 12. In another embodiment, a 
package-to-package interconnect 44 may have a thickness to 
support a top package 10 of FIG. 1 on the bottom package 12. 
In another embodiment, a package-to-package interconnect 
44 may have a thickness to support an top package 10 that 
may not contact the die 32 attached to the loWer package 12. 
In yet another embodiment, an upper die 16a and a loWer die 
16b may be provided on an upper substrate 14 to provide the 
top package 10. A set of one or more traces 18a and 18b may 
be formed in the upper die 16a and the loWer die 16b. The 
upper die 1611 may be coupled to the loWer die 16b by an upper 
PTH 20 that may be formed in the upper substrate 14.A solder 
layer 42 may be used to bond a package-to-package intercon 
nect 44 to an upper conductive path 22. An package-to-pack 
age interconnect 44 may electrically and mechanically couple 
the top package 10 to the bottom package 12 by the solder 
layer 42. 
[0022] While FIG. 2A-2G are illustrated to comprise a 
sequence of processes, the method in some embodiments may 
perform illustrated processes in a different order. 

[0023] FIG. 3 illustrates an embodiment of a memory sys 
tem 300 that may be formed in one package. In one embodi 
ment, a universal serial bus (USB) ?ash memory or any other 
memories may be formed in one package. For example, the 
memory system 300 may be formed in a package 100. In one 
embodiment, the memory system 3 00 may comprise a control 
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304 that may be implemented as a die 32 of FIG. 1. For 
example, the control 32 may comprise a memory controller, a 
digital signal processor (DSP), a processor, logic circuit or 
any other control unit or device. The memory system 300 may 
comprise a memory 302 that may be coupled to the control 
304. In one embodiment, the memory 302 may be imple 
mented by the top package 10. 
[0024] One or more interconnects 306 may couple the con 
trol 304 to the memory 302. The interconnects 306 may be 
made up of the substrate 14, 24, as Well as one or more 
interconnects in the package 100 such as 26, 28, 36, 20, and 
44. In one embodiment, the memory system 300 may be 
coupled to an external l/O (not shoWn). Although the embodi 
ment of FIG. 3 is illustrated to use a memory 302, in some 
embodiments, other memory devices may be utiliZed, such as 
NOR, NAND, dynamic random access memory (DRAM), 
non-volatile memory devices. Again, in some embodiments, 
a different number of memory devices may be utiliZed. Fur 
thermore, While FIG. 3 is illustrated to use die 32 as the 
control 304, in some embodiments, one or more other dies 
may be utiliZed. 
[0025] While certain features of the invention have been 
described With reference to embodiments, the description is 
not intended to be construed in a limiting sense. Various 
modi?cations of the embodiments, as Well as other embodi 
ments of the invention, Which are apparent to persons skilled 
in the art to Which the invention pertains are deemed to lie 
Within the spirit and scope of the invention. 
What is claimed is: 
1. A system, comprising: 
a ?rst package; 
a second package that is provided on the ?rst package; and 
a ?rst interconnect that comprises a bump to couple to the 

?rst package and a base material layer to cover the bump, 
Wherein the second package is supported on the base 
material layer that is coupled to the bump. 

2. The system of claim 1, Wherein the base material layer 
has a pillar shape to support the second package on the ?rst 
package. 

3. The system of claim 1, Wherein the base material layer 
comprises conductive material to couple the ?rst package to 
the second package. 

4. The system of claim 1, Wherein the ?rst package com 
prises a ?rst conductive path that corresponds to a second 
conductive path in a second package, Wherein the ?rst inter 
connect is provided at a location that corresponds to at least 
one of the ?rst conductive path and the second conductive 
path. 

5. The system of claim 1, Wherein the base material layer 
may have a ?at top surface to support the second package. 

6. The system of claim 1, Wherein the ?rst interconnect 
may bond the ?rst package to the second package Without a 
bonding pad. 

7. The system of claim 1, Wherein the ?rst interconnect is 
located on a side portion of the ?rst package. 

8. A method, comprising: 
providing a ?rst bump in a ?rst portion of a base material 

layer at a ?rst side of the base material layer; 
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providing a ?rst package to couple to the ?rst bump that is 
exposed from the ?rst side; 

selectively etching the base material layer to form an inter 
connect, the interconnect comprising a ?rst portion of 
the base material layer that covers the ?rst bump; and 

bonding a second package to the ?rst package at an oppo 
site side of the ?rst portion. 

9. The method of claim 8, further comprising: 
supporting the second package on the ?rst package at the 

?rst portion of the base material layer. 
10. The method of claim 8, Wherein the base material layer 

comprises conductive material to couple to the ?rst bump. 
11. The method of claim 8, further comprising: 
providing a second bump in a second portion of the base 

material layer at the ?rst side; 
Wherein the selectively etching comprises removing the 

second portion of the base material layer to expose the 
second bump that is to bond a semiconductor die to the 
?rst package. 

12. The method of claim 8, further comprising: 
providing a second bump in a second portion of the base 

material layer at the ?rst side; 
providing a surface ?nish on the opposite side of ?rst 

portion; and 
removing the second portion of the base material layer to 

expose the second bump to bond a semiconductor die to 
the ?rst package. 

13. An integrated circuit package, comprising: 
a bottom package; 
a top package that is coupled to the ?rst package; 
a base material layer that is provided on the bottom pack 

age, Wherein the base material layer is to support the top 
package on a top side of the base material layer; and 

a ?rst bump that is provided on a bottom side of the base 
material layer, Wherein the ?rst bump is to couple to the 
bottom package. 

14. The integrated circuit package, Wherein the top pack 
age comprises a memory and the bottom comprises a control 
to the memory. 

15. The integrated circuit package of claim 13, further 
comprising: 

a second bump provided on the ?rst package; 
a semiconductor die that is coupled to the ?rst package by 

the second bump. 
16. The integrated circuit package of claim 13, Wherein the 

base material layer has a pillar shape that has a ?at top side. 
17. The integrated circuit package of claim 15, Wherein the 

base material layer is position at a location Where the second 
bump is absent. 

18. The integrated circuit package of claim 15, Wherein the 
base material layer is position at a location Where the semi 
conductor die is absent. 

19. The integrated circuit package of claim 13, Wherein the 
base material layer comprises conductive material to electri 
cally couple the top package to the bottom package. 

* * * * * 


